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Although medication use during pregnancy is common, most available products lack sufficient safety information. As prospective data collection and perinatal pharmacoepidemiologic research on medication safety in pregnancy did not exist in Belgium yet, the BELpREG data registration system was developed. BELpREG enables comprehensive “real-world” data collection on perinatal medication use and mother-infant outcomes via online questionnaires that are completed by pregnant women every 4 weeks during pregnancy and in the first 8 weeks after childbirth. This paper describes the development and current design of the BELpREG system, including the list of BELpREG variables. To compile this list of variables, relevant documents were explored, followed by consultation of an interdisciplinary expert panel. The included variables were structured in seven categories: 1) Sociodemographic characteristics; 2) Information on the current pregnancy and health status; 3) Maternal-obstetric history; 4) Use of medicines, folic acid/pregnancy vitamins and other health products; 5) Substance use; 6) Pregnancy outcomes; and 7) Neonatal outcomes. An electronic informed consent and linkage to medication databases, with images of drug packages and underlying structured data fields, are built into the system. Data collection has officially started in November 2022. Based on its rigorous design, BELpREG holds the potential to be a successful and sustainable research tool, enabling perinatal pharmacoepidemiologic research in Belgium and beyond.
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1 INTRODUCTION
The use of medicines and health products in pregnancy occurs frequently (Lupattelli et al., 2014; Gerbier et al., 2021; Ceulemans et al., 2022a; Gerbier et al., 2022). In Belgium, almost 90% of the women use at least one medicine in pregnancy, excluding pregnancy vitamins (Larcin et al., 2021). Safe use of medication in pregnancy is vital as the exposure to certain medicines may result in adverse pregnancy, neonatal and/or infant outcomes. To date, there is a high need for reliable safety information on perinatal medication use, also in Belgium (Ceulemans et al., 2020; Ceulemans et al., 2022b). The Internet, including social media, is a commonly used source to search for safety information (Sinclair et al., 2018), however, discrepancies have been found between online sources (Nörby et al., 2021). Furthermore, social media posts often provide inaccurate information, affecting women’s perception and decisions about medication use (van Gelder et al., 2019).
Despite their frequent use, most available medicines lack sufficient safety information on their use during pregnancy (Adam et al., 2011). On average, 27 years are needed to assign a precise risk category to a medicine (Adam et al., 2011), and research to gain more information on the safe use of medicines in pregnancy is challenging. Pregnant women are commonly excluded from clinical trials assessing the efficacy and safety of new medicinal products (Shields and Lyerly, 2013; Scaffidi et al., 2017; Zhao et al., 2022). As soon as a product is on the market, marketing authorisation holders (MAHs) are involved in the continuous monitoring of medication safety in pregnancy via post-marketing surveillance, including spontaneous reporting and (mandatory) product-specific pregnancy registries. Still, a recent pan-European qualitative analysis performed by our team highlighted the difficulties with respect to data collection on this topic MAHs suffer from, including underreporting, the collection of incomplete information, and loss to follow-up (Sillis et al., 2022). A recent landscape analysis also confirmed that only few post-marketing studies result in label updates (Roque Pereira et al., 2022).
In addition to post-marketing surveillance, other data sources could be used to gain insight into medication safety during pregnancy, as for example: population-based cohorts nested in health utilisation databases (i.e., secondary use of health data) (Dandjinou et al., 2019; Huybrechts et al., 2021; Moseholm et al., 2022), pregnancy registries held by non-MAHs (with or without a specific focus on a pharmacotherapeutic class or therapeutic indication) (Hernandez-Diaz et al., 2012; Chambers et al., 2019; Vorstenbosch et al., 2019), and data collection by Teratology Information Services (Pauliat et al., 2021; Dao et al., 2022). Different data sources come with different strengths, limitations, and methodological considerations (Hernandez-Diaz and Oberg, 2015; Huybrechts et al., 2019; Panchaud et al., 2022). In 2019, the Innovative Medicines Initiative (IMI) project ConcePTION was launched to create a sustainable ecosystem to generate and disseminate information on medication safety in pregnancy and during breastfeeding. This goal also includes the alignment of different organisations and approaches aimed at improving in the field of medication safety for pregnant and breastfeeding women (ConcePTION, 2023).
Unfortunately, in Belgium, pharmacoepidemiologic research on medication safety in pregnancy is lacking. The required data for such research are neither routinely collected, nor easily accessible, compared to other European countries with comprehensive data on birth cohorts (e.g., Norway, the MoBa cohort) (Magnus et al., 2006) or with linked health utilisation databases (e.g., France, EFEMERIS/POMME) (Lacroix et al., 2009; Benevent et al., 2019). The lack of comprehensive data registration on perinatal medication use and mother-infant outcomes in Belgium, clearly highlights the need for an online tool to collect self-registered data by pregnant women. The collection of such ‘real-world’, prospective, observational data will enable pharmacoepidemiologic research in Belgium and beyond. On the long-term, perinatal pharmacoepidemiologic research using ‘real-world’ data will, contribute to the provision of (new) evidence on medication safety to expecting parents and HCPs.
In this paper, we describe the development and current design of the Belgian registration system on perinatal medication use and mother-infant outcomes (“BELpREG”), including the list of variables, and future possibilities. Hence, this overview will inform (inter)national researchers, MAHs, regulators and policy organizations involved in medication safety monitoring in pregnancy about the Belgian initiative, germinating opportunities for international data pooling, analysis and collaborative projects.
2 MATERIALS AND METHODS
2.1 The Belgian registry on perinatal medication use and mother-infant outcomes (BELpREG)
In 2021, an interdisciplinary consortium received KU Leuven funding to develop, validate and implement a registration system on perinatal medication use and mother-infant outcomes in Belgium, called BELpREG (“a BELgian interdisciplinary initiative to enhance pregnancy related data REGistration and research on medication use”). BELpREG is a prospective, non-disease, indication, pharmacotherapeutic class or product-specific registry. In BELpREG, medication exposure and mother-infant outcome data of all pregnant women (≥18 years and receiving healthcare in Belgium) are collected using online questionnaires. Currently, the questionnaires are only available in Dutch.
2.2 Timing of the development of BELpREG
The development of the BELpREG data registration system occurred between March 2021 and October 2022.
2.3 Development of the BELpREG data variables list
To compile the list of variables for data collection in BELpREG, relevant documents were explored, followed by a consultation of an interdisciplinary expert panel.
First, the list of Core Data Elements (CDE), which was recently compiled as part of the IMI ConcePTION project (version December 2021) was consulted (Richardson et al., 2023). The CDE had previously been defined based on in-depth discussions with experts in perinatal pharmacovigilance from in and outside the pharmaceutical industry, resulting in a set of essential variables required for pregnancy pharmacovigilance using prospective reports. The CDE aims to strengthen efficient collection of real-world data on medication safety in pregnancy (Richardson et al., 2023). Second, the CDE were supplemented with variables defined in the European Medicines Agency (EMA, 2019) “Guideline on good pharmacovigilance practices (GVP) — Product- or Population-Specific Considerations III: Pregnant and breastfeeding women.” This document provides guidance to MAHs and competent authorities with respect to data collection on pregnancy exposures and outcomes by listing questionnaire elements (see Appendix 1 of the GVP guideline, version December 2019, available via https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-good-pharmacovigilance-practices-product-population-specific-considerations-iii_en.pdf). Finally, additional input regarding the variables and response options was sought in questionnaires of existing registration systems (i.e., Moeders van Morgen, Netherlands; MotherToBaby, United States), and from the centre of expertise in Belgium on alcohol and substance use (i.e., Flemish Expertise Centre Alcohol and Other Drugs). These three approaches resulted in a preliminary set of variables, which was the starting point for the expert consultation.
In a next step, an interdisciplinary expert panel was invited to contextualise the preliminary set of variables to the Belgian setting by providing input with regard, but not limited, to the definition of the variables, response options and formulations, and timing of the questions to be included in the BELpREG questionnaires. The panel consisted of seven Belgian experts in the field of obstetrics, neonatology/paediatrics (N = 2), midwifery, family medicine, perinatal psychiatry, and pharmacy, and were consulted in two rounds. In the first round, the experts completed an online survey (in Qualtrics; Augustus-September 2021) where they could indicate to which extent they agreed with any variables and/or response options; additional suggestions could be provided via open text fields. For each variable, experts were also asked to suggest the optimal timing and frequency of querying this variable. In the second round, the survey results were discussed in group during a real-life meeting, moderated by MC and LS, to decide on inconsistent responses and/or any suggestions raised (September 2021).
2.4 Development of the BELpREG infrastructure
To develop the BELpREG registration system, including the technical infrastructure and legal, privacy and ethical framework for data collection and management, collaboration with external partners was set-up. Legal consultants with expertise in data protection and IP law in the field of life sciences were involved, as well as the Data Protection Officer of our institute, solving questions related to the collection of health data compliant with applicable privacy legislations, database protection and the use of the collected data for research purposes. Besides, IT consultants with extensive expertise in data systems related to medicines contributed to the construction of the BELpREG registration system and facilitated the longitudinal framework for data collection and linkage to existing databases (in collaboration with the IT department within our institute, KU Leuven).
3 RESULTS
3.1 BELpREG data categories and variables
Overall, BELpREG encompasses questions on data variables categorized in one of the following seven categories: 1) Sociodemographic characteristics; 2) Information on the current pregnancy and health status; 3) Maternal-obstetric history; 4) Use of medicines, folic acid/pregnancy vitamins and other health products; 5) Substance use; 6) Pregnancy outcomes; and 7) Neonatal outcomes (see Table 1). Information on these categories will be longitudinally collected using questionnaires at different time points during and after pregnancy. A detailed overview of the complete list of BELpREG variables, per category, can be found in the Supplementary Material S1. To optimally understand the remainder of this manuscript, some basic information about the categories is provided in the following paragraphs.
1) The category Sociodemographic characteristics consists of basic identifiers of BELpREG participants, as for example, zip code, nationality, ethnicity, or the socio-economic status of the mother and biological father (the latter only if known).
2) Information on the current pregnancy and health status will provide details on the estimated date of delivery (EDD), gestational age at completion of the pregnancy follow-up questionnaires, plurality, pregnancy preparation/planning/follow-up, current and previous health status of mother and biological father (e.g., comorbidities), and pregnancy complications diagnosed so far. Further, this category includes a screening of depressive symptoms during pregnancy and the postnatal period with the Edinburgh Depression Scale (EDS) (Cox et al., 1987; Bergink et al., 2011). The EDS is considered the gold standard to detect PND (Cox et al., 1987). This scale was initially developed for the postpartum period but has also been validated for assessment during pregnancy (Bergink et al., 2011). It consists of a 10-item list regarding the severity of the depressive symptoms during the past 7 days.
3) The category Maternal-obstetric history includes details on previous pregnancies, including miscarriages, elective terminations of pregnancy (ETOP), stillbirths, complications in previous pregnancies and familial predisposition to congenital anomalies, developmental disorders, and motor disorders.
4) The category Use of medicines, folic acid/pregnancy vitamins and other health products is divided into the use of medication, folic acid and/or pregnancy vitamins, and other health products, including details on administration route, amount of the exposure (“dose”) and exact timing of initiation and duration of exposure during pregnancy. Exposure to medicines and health products in the 6 months before the start of the current pregnancy is also questioned, along with paternal medication use in the 3 months before conception and maternal medication use in the first 8 weeks postpartum.
5) The category Substance use includes variables questioning maternal exposure to alcohol, tobacco (i.e., smoking), cannabis, and other illicit substances. Besides, substance use in the proximity of the woman (“passive exposure”) is covered as well, for example, by questioning about “in-house” smoking by persons living together with the mother.
6) In the category Pregnancy outcomes, the addressed variables vary depending on the pregnancy outcome of the current pregnancy, i.e., the occurrence of a live birth, miscarriage, ectopic pregnancy, elective termination of pregnancy or stillbirth. In case of a live birth, additional questions about the delivery and potential postpartum complications are included.
7) The category Neonatal outcomes covers the health parameters of the infant, including the identification of congenital anomalies and the occurrence of neonatal complications, but also the feeding of the infant.
TABLE 1 | Overview of the overarching BELpREG categories and variables, according to their occurrence in one of the four types of survey instruments.
[image: Table 1]3.2 Longitudinal framework for data collection
Determining the interval of successive questionnaires and the timing and frequency of addressing specific variables were key elements in the design of the BELpREG longitudinal framework. Following careful consideration, an interval of 4 weeks between two successive questionnaires was chosen, with data collection until 8 weeks postpartum, except in case of consent withdrawal or early pregnancy interruption.
Four different survey instruments, each with specific data variables, were constructed: i.e., A) the Pregnancy Enrolment Questionnaire; B) the Pregnancy Follow-up Questionnaire; C) the First Postpartum Questionnaire; and D) the Second Postpartum Questionnaire. Table 1 gives an overview of the categories and variables questioned in each of the different questionnaires.
Figure 1 provides a general overview of the BELpREG longitudinal framework, i.e., from enrolment to study execution and termination of participation. More practical details about the framework are provided in the following paragraph.
[image: Figure 1]FIGURE 1 | Overview of the BELpREG longitudinal framework, from enrolment to study execution.
To start data-collection, self-enrolment by pregnant persons is required, by using the link on the BELpREG website (www.belpreg.be) or scanning the QR code on BELpREG flyers. Enrolment is possible at any time during pregnancy, but participants will be encouraged to start as soon as possible in pregnancy. Once a pregnant person has enrolled, a new record ID is automatically generated in the BELpREG database, allowing longitudinal data collection on individual level. Upon completion of the digital consent procedure (see Section 3.3.1) and appropriateness check of the eligibility criteria (i.e., being pregnant, ≥18 years and receiving healthcare in Belgium), the Pregnancy Enrolment Questionnaire immediately starts. This is the most comprehensive questionnaire to be completed. It may take 20–30 min or even more, depending on gestational age at enrolment, gravidity and the number of medicines used during the current pregnancy so far. Completion of the Sociodemographic characteristics in the Pregnancy Enrolment Questionnaire triggers the scheduling of the subsequent e-mail invitations for the Pregnancy Follow-up Questionnaires. These Pregnancy Follow-up Questionnaires are generally expected to require less time to be completed, i.e., ± 5–10 min, depending on the number of medicines, vitamins and health products used. The Pregnancy Follow-up Questionnaires mainly focus on medication and health products’ use since the latest completed questionnaire (i.e., ideally, 4 weeks before), but also contain questions on pregnancy complications and maternal substance use (see Table 1). If a Pregnancy Follow-up Questionnaire is not completed after 2 weeks, a reminder is automatically sent via e-mail. The invitations for subsequent Pregnancy Follow-up Questionnaires are sent out, irrespective of whether the previous questionnaire(s) were completed, but with a maximum of 10 invitations per person. Once a participant indicates that the pregnancy has ended, the First Postpartum Questionnaire immediately appears. In case a miscarriage, stillbirth, ectopic pregnancy, or pregnancy termination is registered, participants do not receive additional questionnaires for this pregnancy anymore. They can register themselves again in the event of a new pregnancy. Only if a live birth is registered in the First Postpartum Questionnaire, the Second Postpartum Questionnaire is sent out 4 weeks later. In case of a live born twins, the questions related to Neonatal outcomes are automatically duplicated in both Postpartum Questionnaires. A Second Postpartum Questionnaire is only sent out if the First Postpartum Questionnaire was completed in the first 28 days after birth.
Finally, the data entry forms in the category Use of medicines, folic acid/pregnancy vitamins and other health products have a longitudinal “memory function.” This means that, if daily used medicines or health products were registered, the names of these products as well as details related to its use are automatically shown in the next questionnaire(s). This functionality gives participants the opportunity to quickly and easily indicate if they still use the product in a similar way or not, and hence, to save time because of this easy registration.
3.3 Infrastructure of the BELpREG registration system
The BELpREG registration system was built using Research Electronic Data Capture (REDCap) software (Harris et al., 2009; Harris et al., 2019; Van Bulck et al., 2022). REDCap is a secure, web-based, software platform, used to collect, manage, and store longitudinal research data. The BELpREG REDCap system, database and back-up system are hosted on an institutional server separated from other institutional REDCap projects, providing an additional layer of security. The BELpREG REDCap system adheres to high-level data security standards and requires a multi-factor authentication procedure for investigators to get access. Only pre-authorized users with fixed roles (users rights) have access to the BELpREG REDCap management tool and database. Access to REDCap records is automatically logged, and changes to recorded data are stored in independent audit trails. In BELpREG, REDCap’s security measures for identifiable data apply, i.e., identifier tags are attached to variables collecting identifiers, ensuring that only pseudonymized data will be extracted out of the database.
To fit the REDCap software to the specific needs of the BELpREG project, the following features have been created: 1) digital consent procedure (eConsent) (see Section 3.3.1), 2) linkage of BELpREG survey instruments with databases of medications and health products (see Section 3.3.2); and 3) linkage of BELpREG survey instruments with external databases (see Section 3.3.3), to facilitate both data entry, coding, and analysis, and to enhance user satisfaction.
3.3.1 eConsent procedure
As personal and health data are processed in the BELpREG project, the General Data Protection Regulation (GDPR) applies for each processing activity. Given the sensitive nature of the collected data, along with our ambitions with respect to data pooling as part of (international) collaborative projects, obtaining informed consent from participants prior to enrolment was necessary. However, as pregnant persons should be able to enrol without physical/in-person contact with the BELpREG researchers, the availability of a digital, “remote” consent (“eConsent”) was vital. Besides, according to applicable legislation in Belgium on research involving human subjects, authentication of participants was needed as part of the BELpREG consent procedure and required a simple solution.
The following eConsent procedure was developed using REDCap software and is currently in place (see Supplementary Material S2). First, potential participants watch an instructive video, available on the BELpREG website (www.belpreg.be), providing information on the objectives and course of the project, inclusion criteria, risks and benefits, consent withdrawal and confidential treatment of the collected data; this replaces the “in-person” provision of study information as part of a regular informed consent process. In case of questions, the researchers can easily be contacted via the website, email, or phone. After watching the video, participants are redirected to the REDCap environment. Once individuals confirm that they watched the video and want to sign the consent form, an automatic e-mail is sent out containing a One-Time-Password (OTP), which should be used, as authentication procedure, to sign the form “remotely.” Once it is completed, a copy of the form is stored by the researchers and sent to the participant, who can immediately start with the Pregnancy Enrolment Questionnaire. This eConsent procedure, and the overall BELpREG research project, have been approved by the local Ethics Committee Research UZ/KU Leuven (S66464).
3.3.2 Linked databases of medicines and health products
The survey instrument on Use of medicines, folic acid/pregnancy vitamins and other health products includes linkages with both the official Belgian medication database (i.e., “Source Authentique des Médicaments” or SAM) and the Medipim database (i.e., a database containing recent pictures of the packages of commercially available medicines and health products in Belgium). When participants enter the name of a medicine, vitamin, or other health product in a BELpREG questionnaire field, a structured and relevant dropdown list (based on both databases) appears that facilitates the selection of the right product. The linked databases allow data collection on medication, vitamin, and health products’ use in a structured, reliable, and user-friendly way. At the same time, by using underlying structured data fields, the technical details of the registered medicines and products, such as, for example, the Anatomical Therapeutic Chemical classification (ATC) code and the route of administration, are automatically extracted from the linked databases and imported into the BELpREG database.
3.3.3 Other linked databases
In addition to the structured data entry of medicines, vitamins, and health products, other BELpREG variables also have underlying databases generating structured dropdown lists in their response field. This is the case for the registration of 1) country of residence and nationality (i.e., linked to the NATO database); 2) city of residence (i.e., linked to the database of the national post service in Belgium); 3) name of the hospital where the delivery took place (i.e., linked to the database of the National Institute for Health and Disability Insurance); and 4) the names of individual HCPs following-up BELpREG participants during pregnancy and in the postpartum period (i.e., also linked to a database of the latter national institute). Furthermore, to register (chronic) disorders or indications of medications, participants can choose from a list of frequently reported indications/disorders. This list was developed based on literature and clinical experience with pregnant women and will grow over time (with up to five updates per year) based on experiences obtained by the registrations of BELpREG participants using this list. In the back-end of the system, the indications/disorders are linked to their respective ICD-11 (International Classification of Diseases 11th Revision, 2023) and MedDRA code (Medical Dictionary for Regulatory Activities, 2023), facilitating data processing, analysis, and reporting, and data pooling.
4 DISCUSSION
4.1 Development and design of the BELpREG registration system
In this paper, we described the development and design of the BELpREG registration system, enabling the prospective collection of “real-world,” observational data on perinatal medication use and mother-infant outcomes in Belgium. After almost 2 years of constructing the system, we succeeded in delivering the BELpREG infrastructure, including data variables, longitudinal framework, digital consent and linkage with medication and other databases. Given the current lack of routine data collection and pharmacoepidemiologic research on perinatal medication use in Belgium, BELpREG can be considered a unique registration system/initiative that merits attention from researchers, MAHs and policymakers in Belgium and beyond.
In the next paragraphs, we will discuss in detail the value of the BELpREG variables (see Section 4.1.1), longitudinal framework and infrastructure (see Section 4.1.2) and recruitment of pregnant persons (see Section 4.1.3) and will elaborate on potential strengths and limitations of the system.
4.1.1 The BELpREG variables
The current tools used for the registration of medication exposure in pregnancy and mother-infant outcomes, as part of international research initiatives on perinatal medication safety, often differ in terms of exposure and outcome variables, including clinical definitions and coding standards (Thurin et al., 2022). Such registration variety clearly complicates data pooling across countries, necessitating additional standardization and alignment procedures with the inherent risk of considerable loss of data and/or granularity. Data pooling is, however, very important in this field to enlarge the sample size and power to detect significant associations, especially when studying rare outcomes such as (specific types of) congenital malformations (Gelperin et al., 2017).
Relying on relevant documents on medication safety in pregnancy research, such as the IMI ConcePTION Core Data Elements (Richardson et al., 2023), we pursued and eventually delivered a list of variables that are in line with those applied in other international data collection initiatives, facilitating data pooling in the future. Contextualization to the Belgian setting was, however, considered appropriate, to maximize the feasibility and likelihood of obtaining complete and reliable data for all variables and to ensure user involvement and satisfaction. Contextualization was done with input from an interdisciplinary panel consisting of experts from the main professions involved in perinatal care. Despite the large number of variables, which may be cumbersome for participants, the integration of a broad set of potential confounders for associations between medication use and pregnancy outcomes is a strength of the BELpREG system. In fact, observational studies using health utilisation data typically lack information on many confounders, entailing limitations in terms of the validity of the conclusions (Huybrechts et al., 2019; Panchaud et al., 2022). With respect to the feeding status of the infant, breastfeeding or receiving breast milk will be asked, which is considered an important but often ignored source of medication exposure, a mitigator of adverse effects or a relevant covariate in pharmacoepidemiologic research on the long-term effects of medication use in pregnancy (Jordan et al., 2022).
4.1.2 The BELpREG longitudinal framework and technical infrastructure
As the ambition is to use BELpREG data for longitudinal research, the BELpREG system needed to consist of online questionnaires which are sent and (ideally) completed by pregnant persons at multiple time points during and after pregnancy. We opted for a fixed interval of 4 weeks, lasting–at least for now–until 8 weeks postpartum. By choosing this time interval, we tried to find the right balance between registration fatigue among participants and recall bias for the self-reported registration of medication and/or health products used in the previous period (van Gelder et al., 2018). Upon enrolment, BELpREG participants are prospectively followed-up, i.e., they register exposure data throughout pregnancy without knowing the pregnancy outcome yet. Collecting data in a prospective way is an important strength in observational research, potentially decreasing the risk of bias (Schaefer et al., 2008). Yet, in the Pregnancy Enrolment Questionnaire, we ask what medicines/health products were used from the start of pregnancy until then. In case of late enrolment during pregnancy (i.e., at more advanced gestational age), the risk of recall bias could be very relevant. In any case, in all our communication, we advise and encourage individuals to enrol as early as possible during pregnancy, although enrolment is possible at any gestational age.
To support participants in registering their medicines and health products, a linkage with databases of medicines and health products available in Belgium was built, including pictures of the drug packages (see Section 3.3.2). At user level, these linkages may improve the user friendliness of the system (i.e., by facilitating the registration of their products from a dropdown list). At system level, the linkages with medication and other types of databases, for example related to nationality or zip-code, may have positive effects in terms of correctness/quality of the collected data (i.e., by selecting/recognizing the correct product by means of its picture) and ease of further data processing (i.e., by automatically importing relevant parameters, such as ATC code, in the BELpREG database). Further, the software settings allow to force subjects only to proceed in the questionnaires in case all required variables have been completed. This type of auto-validation enables more complete data collection.
The retained variables, linked databases and longitudinal framework were built into REDCap software, which is an internationally recognized research tool for data collection and management (Harris et al., 2009; Harris et al., 2019; Van Bulck et al., 2022), facilitating data collection initiatives in other settings or countries in the future by relying on the BELpREG infrastructure.
When defining the BELpREG design, the perspectives of MAHs towards medication safety monitoring and pharmacovigilance during pregnancy have been considered (Sillis et al., 2022), thereby maximizing the added value of BELpREG for MAHs and facilitating future collaborations by means of contract research with, for example, the aim to update the pregnancy statements in the product labels (Roque Pereira et al., 2022).
Nevertheless, when using the BELpREG data for descriptive/analytical pharmacoepidemiologic purposes, it should be noted that the reliability of the conclusions depends on the quality of the self-reported data. Hence, assessing the correctness of the collected data by means of a validation study is warranted and has already been initiated (see Section 4.2).
4.1.3 Recruitment of pregnant individuals
The success of ‘citizen science’ initiatives such as BELpREG depends on the level of involvement by pregnant participants. Likewise, its success also lies in collaborating with other data collection initiatives abroad, especially as Belgium is a small country with “only” 120 000 pregnant women per year (Statbel, 2023). Therefore, difficulties can be expected to obtain enough exposed women, solely based on data collection in our country, to draw firm conclusions on associations. Data pooling will be key, also for timely signal detection. Nevertheless, capturing every single piece of data is ethically appropriate and must be pursued.
To reach pregnant persons, also those who are not using (chronic) medicines, applying diverse recruitment methods is vital (Goldstein et al., 2021). Therefore, to date, pregnant persons are informed about BELpREG both in-person (direct, by HCPs) and online (indirect). First, details about BELpREG are being shared with different types of HCPs involved in perinatal care (i.e., obstetricians, midwives, general practitioners, pharmacists…), with support from their professional organizations and regional care organizations. The embeddedness of BELpREG in the local healthcare context for pregnant persons may be a critical aspect for its successful uptake by potential users (Sillis et al., 2022). Sustainable partnerships between the research team and HCPs, prenatal care organizations and hospitals has earlier been shown as a core strategy for successful recruitment (Goldstein et al., 2021), and are currently being set-up in within BELpREG. Second, indirect recruitment strategies are being used by means of our website, social media (Facebook, Instagram), and printed/digital posters and flyers. As poor public awareness of research among different groups within the population is a large barrier for participation in research (Goldstein et al., 2021), social media can be an effective method to reach a broader audience, independent from efforts by HCPs. In fact, the population of pregnant women often uses social media to search for information (Sinclair et al., 2018). In addition, high internet penetration rates exist among women of childbearing age in Belgium (Statbel, 2022). Previous research has shown the advantages of recruiting pregnant women through social media, including advertisement via these channels (van Gelder et al., 2019). Although social media seem a logical recruitment channel for BELpREG, its effectiveness should be further explored, including the effect of directly approaching the target population via (advertising using) social media (Sarker et al., 2017).
As study enrolment in BELpREG occurs without physical contact with the researchers, the ability to provide remote informed consent is paramount. Therefore, in BELpREG, a user-friendly and GDPR compliant eConsent framework was specifically developed according to the applicable legislation in Belgium (see Section 3.3.1). The use of an eConsent in REDCap has previously been shown to be feasible and easy-to-use by pregnant women (Phillippi et al., 2018). In the future, the BELpREG eConsent framework could serve as an instrument or starting point for similar research purposes in other populations and/or settings.
4.2 Future perspectives of BELpREG
As part of the development stage, the BELpREG infrastructure was extensively tested ‘in-house’ on functionality and technical performance by different persons and by using different scenarios. In November 2022, public data collection has officially started. However, as the next step, we have planned to closely follow-up and explore the ongoing data collection in “real-life” and the preliminary data. Such iterative process of testing, followed by possible system modifications, will result in a robust, patient-friendly, and fit-for-purpose research instrument, ready for large-scale implementation in Belgium and beyond. The assessment will focus on 1) the completeness of the collected data, both within (i.e., missing variables) and across questionnaires (i.e., loss to follow-up); 2) the “reach” or representativeness of the BELpREG sample (as research using online questionnaires typically only reaches a select group of the population (Vorstenbosch et al., 2019; van Gelder et al., 2020; Stegherr et al., 2022)); 3) users’ experiences and challenges with data entry (by means of a mixed-methods approach); 4) experiences of HCPs with informing and motivating pregnant individuals to participate in BELpREG.
In addition to the feasibility assessment, we will undertake a validation study to evaluate the quality of the self-reported data. Patients may probably be best placed to record their medication use (van Gelder et al., 2018), however, it remains unclear to what extent they are able to correctly register pregnancy and neonatal outcomes (e.g., type and description of congenital anomalies). Therefore, the validity of self-registered health data will be assessed by comparing with the data available in medical/obstetric records (only for participants who gave consent to contact their HCPs). In case the validation study shows that these variables can indeed be reliably registered by patients, this will avoid an additional registration burden for HCPs. Overall, it should be further explored to what extent HCPs would be able to register data in BELpREG themselves, for example for patients with low health literacy or impaired internet access.
Another important future perspective relates to the exploration for long-term follow-up of children born after prenatal exposure to medicines. To date, the BELpREG design only includes maximum two questionnaires in the first 8 weeks postpartum, addressing neonatal health outcomes. However, some exposures may result in adverse neurodevelopmental outcomes in offspring, which only become visible months or years after birth (Liu et al., 2017; Bromley and Bluett-Duncan, 2021). We have the ambition to extend our postpartum questionnaires for long-term follow-up purposes, and therefore look expectantly at the ongoing LIFETIME project (i.e., Long-term Investigation Following Exposure To Individual Medicines in utEro) (ConcePTION, 2023). As a first step, BELpREG participants are being asked about their willingness to complete self-reported surveys at the age of developmental milestones (Hjorth et al., 2019).
Finally, translating the BELpREG questionnaires into other (national) languages (e.g., French, English) is also an intended goal, which we hope to achieve in the (near) future.
5 CONCLUSION
Due to the current lack of routine data collection and pharmacoepidemiologic research on medication safety in pregnancy in Belgium, the BELpREG registration system was developed. As a “citizen science” project, the BELpREG system enables the prospective and longitudinal collection of comprehensive, real-world data on perinatal medication use and mother-infant outcomes. Online questionnaires will be completed by pregnant persons every 4 weeks during pregnancy and in the first 8 weeks postpartum.
The variables were compiled using relevant documents and through an expert panel consultation and are structured in seven categories. A digital, “remote” informed consent and linkage to medication databases, with images of drug packages and underlying structured data fields, are built into the system, which uses REDCap as software. Data collection has officially started in November 2022.
Based on its rigorous and fully digital design, BELpREG holds the potential to be a successful, sustainable, and collaborative research tool, enabling perinatal pharmacoepidemiologic research in Belgium and beyond. Researchers, MAHs and policymakers are invited to contact the researchers to explore future collaborations and data pooling, with the aim to reduce the current knowledge gap in this field and to provide more evidence on medication safety in pregnancy to patients and HCPs.
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BELpREG categories and variables Pregnancy Pregnancy First NE e

Enrolment Follow-up Postpartum Postpartum
Questionnaire Questionnaire Questionnaire Questionnaire
Category 1: Sociodemographics x
Category 2: Information on the current pregnancy and health
status
Pregnancy status x
EDD* and/or current gestational age x x
Singleton/multiple pregnancy x
Pregnancy preparation and planning x
Health status pregnant woman x
Health status biological father (if applicable) x
Pregnancy complications and hospital admissions x x x
Prenatal screening for congenital anomalies x
Edinburgh Depression Scale (EDS-10) x x
Category 3: Maternal-obstetric history
Gravidity and Parity x
History of miscarriages, ETOPs" and stillbirths x
History of fertility treatments x
Complication(s) previous pregnancy/pregnancies x
Familial congenital anomalies x
Familial developmental disorders x
Familial motor disorders x
Category 4: Use of medicines, folic acid/pregnancy vitamins and
other health products
Medication use during pregnancy x x x
Use of folic acid or pregnancy vitamins prior to/in pregnancy x : x
Health products use during pregnancy x x : J
Use of medicines and other health products in the x
6 months before conception
Paternal medication use in the 3 months before conception X
Maternal medication use in the 8 weeks after delivery x x
Category 5: Substance use
Maternal smoking x X x x
Maternal alcohol use x x x x
Cannabis and other illicit drug use by the woman x x x x
Substance use in the proximity of the woman x
Category 6: Pregnancy outcomes x
Outcomes in case of live born child"
Single or multiple birth x
Delivery (eg. onset of labor, type of delivery) X
Postpartum complications x x
Outcomes if miscarriage, ectopic pregnancy, ETOP® or stillbirth x
Category 7: Neonatal outcomes
Biometry at birth (e, weight, length, head circumference) x x
Sex x
Apgar score x
Congenital anomalies x x
Neonatal abstinence symptoms x x
Neonatal medium or intensive care admission x x
Feeding of the infant (e.g, breastfeeding, formula,.) x x
Neonatal complications x x
Medication use by the infant x x

"EDD, estimated date of delivery.
YETOP, elective termination of pregnancy.
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